Precise colour vision using imaging spectroscopy provides good financial returns
A Finnish brewery taking part in the HPCN-TTN project had automated their bottle crate sorting line with monochrome camera inspection as long ago as 1994, relying on the different grey-level values given by the different colours of glass and crate material. New tints of colours made this technology unreliable and additional manual sorting was needed. The brewery tried to solve the problem with single point colour sensors, but these did not provide the required reliability.
A new system, based on spectral imaging technology, now inspects both the colours and shapes of the bottles. The system is based on teaching colours and sorting crates by a spectral weighting algorithm method. When new shapes and colours of products come to the market, the system can be upgraded accordingly.
The basic operation of the Specim direct-vision, dispersing PGP (prism, grating, prism) spectrograph (the ImSpector) is illustrated. The PGP is composed of a specially designed volume type transmission plane grating made of dichromated gelatin (DCG) and cemented between two symmetrical or nearly symmetrical prisms ( Figure 1a ). The grating is designed to operate under Bragg condition and the prism angles change accordingly. A collimated light beam is dispersed at the PGP so that the centre wavelength passes axially through the grating and prisms. Shorter and longer wavelengths are dispersed symmetrically on both sides of the central wavelength ( Figure 1b) .
It is possible to add an optional filter inside the PGP to limit stray light, to cut off unwanted wavelength bands or to flatten the spectral response. (The spectral flattening property is extremely important with CCD detectors and common halogen light sources which typically lead to high difference between blue vs red signal level.)
Since installation in May 1997 the system has been running five days a week, 24 hours a day. The new automated sorting increased the line capacity from 4,000 to 7,000 crates/ shift giving 3,600 FIM savings per shift resulting in monthly savings of over 50,000 Euro (approximately the same in US dollars, depending on the exchange rate at the time, and about £30,000 per month in sterling terms).
The system uses an ImSpector imaging spectrograph component from Finnish supplier Specim, which fits directly on to thè`C '' mount of a monochrome matrix camera and turns it into a multispectral linescan camera capable of high spatial and spectral resolution. The system gives programmable selection of application specific wavelengths, and thus maximum colour/shade resolution, with the possibility to gain additional information beyond the visible region (up to 1,000nm). Unlike most three-colour sensors, the imaging spectrometer gives exactly simultaneous measurement at all wavelengths and at each pixel. Because the light from the input slit is split into many different lines, it is important to have a strong illumination source to achieve sufficient intensity at each spectral line.
Sorting ceramic floor tiles with spectral imaging and parallel processing Ceramic floor tiles are currently mostly classified by trained human eye but the industry strongly feels the need for an automatic system. The tiles are grouped according to their physical properties like colour and surface structure into several quality groups. There is a need for accurate measurement of colour (to less than twice the minimum colour difference typically discernible by the human visual system) at high speed, but the measurement has also to verify the geometrical distribution of the various colours (Figure 2a and b) . Thus in parallel we have a problem of colour measurement and two-dimensional image processing.
A system now in use by an Italian tile manufacturer, installed by systems integrator LCG Srl, was based on a special readout camera built by Specim and modified during the project by SPIN Srl under LCG supervision. The main change was to include a digital signal processor (DSP) inside the camera for faster algorithm through-put. The system also includes a fibre-optic linear light source and a PC is used for data collection.
The system is now sorting two 30cm Â 30cm tiles/second. Control of high performance magnet pressing/sintering/grinding processes using machine vision High resolution linear CCD sensors are the key to a machine vision application used in the production of very powerful permanent magnets with a high value per item.
Rare earth magnets (SmCo, Nd-Fe-B) are made using a powder metallurgy process. After pressing and sintering the magnet pieces are machined using grinding tools to meet the tight dimensional tolerances required by stepper motor manufacturers and other users. The material is as hard as glass and it is susceptible to chipping and cracking during grinding. The slow drifting of the pressing/sintering process can also have an effect on the shape and dimensions of the magnet products, so that what should be a rectangular shape may drift to banana, barrel or tapered form, and internal cracks or edge chipping may be seen ( Figure 3 ). Feedback from the automated visual inspection can be used to adjust the powder metallurgy process parameters.
The system consists of an online machine vision system that utilises parallel processing technology and expert systems in image analysis and process control.
The outcome of this project is a functioning control system installed at the manufacturing line of Neorem Magnets Oy, a Finnish SME (small or medium-sized enterprise) end-user of this technology, to set a new type of tolerance standards.
The new system gives 100 per cent quality control, a tool for quality optimisation, statistical defect analysis and information for tool wear control and press control. Financially the system is expected to give pay-back in less than one year.
One operator can control three to four machines, and therefore about 60-70 per cent of the inspection work can be saved. Accurate standards can be agreed with the customers, which means that usable parts can be saved from rejection. This may give about 10 per cent increase of the yield in number of pieces, which means a significant saving at the magnet price level of 67-200 Euro/kg.
The system, designated Neovision (Plate 1), uses a high speed CCD detector having more than 5,000 picture elements, made by CCD Photonics Ltd. The exposure time of the camera sensor can be shortened from the nominal 700 microseconds to 350 microseconds and further to 175 microseconds in cases where the requirements for full-scale dynamics can be relaxed.
The Neovision imaging method is based on the specular reflection of light from the magnet surface, which means that narrow internal cracks and edge chipping, i.e. missing material, are reliably recognised. The latter feature is very important as the efficiency of a permanent magnet depends critically on the true mass in a given space.
Laser interferometry improves yield of float glass
Flat glass today is manufactured in the glass industry using what is known as floating method, based on an idea patented by Pilkington. In the manufacturing process the glass material is drawn from the furnace in a vertical direction, then guided to the surface of a molten tin bath, where the glass takes the shape of a flat sheet. This floating method is now the best-known and most widely used method for making sheet glass. In Finland, there is only one glass factory, Lahti Glass, belonging to the Pilkington Group.
Customers of float glass producers and refiners, such as car windscreen and LCD panel manufacturers are looking for higher uniformity of glass plates for optically demanding applications. Automated glass quality control is needed to improve the quality of the products and to remove the influence of a human factor during quality control. The new online system is intended to improve glass thickness measurement accuracy, and to introduce completely new edge-distortion inspection. This means material savings and increased quality glass output from the line.
The key technical and business objective of the Optix project was to launch an off-line device and to develop and integrate an online measuring device for the glass quality industry. The online system is based on micro optical elements and is used as a sensor to detect float glass thickness and edge distortion. A deformed laser beam is detected using a CCD-camera and analysed by machine vision methods.
A measuring device is always needed in glass factories for off-line quality assessment (Figure 4 ). An interference pattern appears when laser light wave fronts from the upper and bottom surfaces of the flat glass are reflected and interfere with each other. The interference pattern consists of dark and bright fringes that carry the information about local slope on the inspected area which is about 1cm Â 1cm. The image information of the fringes is recorded by the CCD camera and analysed using a PC. It is possible to detect thickness variations as small as 0.3 microns in a 10mm range. The device helps glass makers save on material costs, ensuring that the customer receives at least the minimum specified thickness, but as little as possible in excess of the contractual amount.
Online measurement
A new intelligent online optical device was developed under the project for very accurate and reliable detection of glass thickness. Prototype trials in an industrial environment have been successful. The measuring head is scanned across the glass ribbon under computer control ( Figure 5 ). The optical measurement system is based on laser beam reflection from the front and back surfaces of the glass. The accuracy and reliability of the Figure 4 The off-line glass inspection system Figure 5 The online scanning head system measurement are enhanced by a specially designed diffractive element to modify the laser beam, and by specially developed machine vision analysis methods. The measuring width is 3,800mm and the accuracy in thickness measurement is 0.01mm.
The project combined the R&D forces of PanOptix (developer of an off-line measuring device), University of Joensuu, Department of Physics, and Pilkington Lahden Lasitehdas Oy. The pilot site manufacturer was selected based on its resources to assist both in development and in marketing to its affiliates. Through the pilot site the savings, productivity increase and the return on investment will be carefully monitored and confirmed.
According to Reijo Sihto, plant manager at Pilkington Glass Lahti Ltd optical off-line measurement has improved quality control and process development and the new online device will bring these tools to bear in real-time process management. They expect to get 24 per cent more high quality glass from the same line, and payback for the online system is less than two years and for the off-line system less than three years.
High speed vision controls saw machine operation
So far we have looked at applications which needed fairly advanced technology to make them work satisfactorily. Some of the biggest savings (typically 600,000 Euro per year per machine) reported in the entire HPCN vision programme have come from what most vision specialists would consider as very well established technology ± but in a difficult environment. The process of cutting logs into boards is critical for the profitability at any sawmill. Cut the planks too thin, and the customer will reject them or demand a big reduction in price which takes away all profit. Cut them too thick and the yield from a given amount of raw material is smaller, failing to achieve maximum profit potential. The See-Contro project has enabled a sawmill to make sure very rapidly that the cutting set-up of the machinery is correct, giving real time measurement of the true dimensions of the boards. The system provides control of the effects of wear and tear of the cutting blades or machines, allowing the sawmill operator the capability to measure the dimensions of each and every board and the possibility to adjust the production parameters immediately when required (Plate 2).
Technology
The See-Contro system is a high speed, real time vision system for sawmills to supervise and control the production and output of`b reakdown'' saws. A breakdown saw is a saw that cuts a log into boards (lumber). A log is typically cut into three or four boards, but it can be cut into as many as 15 boards. The control system comprises an online CCD camera and special optics unit located above the sawing machine in which the data are digitised and transmitted to a computer with a powerful parallel processor to process the data in real time. The camera head is designed to achieve extra low noise and high dynamics. The system performs an automatic, continuous saw cut control. The speed of a log at the cutting process is typically 1.3 metres per second. This means that a new log has to be measured, analysed and reported approximately every three seconds. The computer is often linked to the saw machine, the sawmill computer Plate 2 The measuring head of the See-Contro automated system network and interactively with the saw operator for immediate and long-term production control, reporting and statistical control.
Demanding environment
The camera end of the See-Contro system must operate in an environment which is extremely demanding (shocks, shaking, sawdust, water vapour and flying particles and dust) (Plate 3).
The measurement results are used:
. to supervise the real-time production;
. in following the cutting trends of the saw;
.
in production follow-up of different dimensions; and .
to be stored in a hard disk for further analysis or other purposes.
The reporting and 100 per cent control capabilities of the See-Contro system are becoming increasingly important to the sawmills in order to meet ISO 9001/2 customer requirements.
Relevance to sawmills
At this pilot installation in Sweden customers have grown so fond of the system that they do not want to saw at all if the system is not operational. Now the operator can``see'' what is happening all the time, and for the first time in sawmill history the operator can start using real-time and statistical control tools for the cutting processes. The benefits will be significant because:
. . The software makes possible accurate short-and long-term follow-up. This is important not only for the production engineer and service personnel but also in case of customer complaint. With the system the sawmill can check each individual board's production history. The end result will be that wood is used in a more sustainable manner. This manner saves natural resources and at the same time earns more money for the sawmill.
A research study in Finland has shown that an extra 1.0mm in board thickness means the financial loss of 1.6 per cent in sales to a sawmill. The savings at a mid-size sawmill are estimated to be around Euro200,000 a year for each installed See-Contro system, and each sawmill has typically at least two locations that would require and use a system.
Savings at Vanern Timber sawmill
A savings calculation was based on the technical values of the process as well as log and timber sales prices related to the situation at Vanern Timber at the end of 1998. The time saving in doing the set-up gives an opportunity to earn money to the sawmill. The faster set-up times are of value to Vanern Timber sawmill and indicate significant earnings to the mill, as can be seen in Table I . The presupposition is, of course,
Plate 3 See-Contro has to operate in a demanding environment that the increased production time can be utilised. Since these tabulated figures were compiled a revised estimate, taking into account savings in tighter tolerances on the sizes of plank produced, has put annual savings higher at about one million Euro per year.
Further information
The projects described here are just a small selection from the complete machine vision programme of the HPCN-TTN, chosen because they are all actually in operation and financial justifications can be quantified, and because they are relevant outside Finland and Italy where most of the projects were carried out.
More information about the whole machine vision project can be found at http://www.automationsoc.fi/ttn and an overview of the whole HPCN-TTN initiative can be found at http://www. hpcn-ttn.org 
